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ncreasing numbers of patients seeking dental care are receving bisphosphonate drug therapy. This class of medications is composed of pyrophosphate analogues whose general effects include reduction in bone resorption and turnover. They are used commonly for several medical purposes, including prevention and treatment of bone metastases associated with cancer, [1] [2] [3] [4] [5] treatment of increased blood calcium levels associated with malignant disease, treatment of symptomatic Paget's disease of bone, treatment of avascular necrosis of bone, and prevention and treatment of osteoporosis. 6 Recent reports have documented necrosis of the jaws associated with the use of bisphosphonates, especially when administered intravenously on a longterm basis. [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] Although this condition can be seen in the maxilla as well as in the mandible, the literature reports a slightly higher rate in the mandible. 10 It is important to realize that this is a new clinical entity, and new cases are being reported daily. Therefore, epidemiologic data, such as prevalence and predominance, are insufficient to report at this time.
We report a case of a patient with osteonecrosis of the jaw associated with bisphosphonate therapy. We also make recommendations for the dental treatment 
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nos. 20, 21 and 22 and facial bone loss associated with tooth no. 20. Two weeks after extraction of teeth nos. 21 and 22, her previous oral surgeon documented that the patient had delayed healing of all three extraction sites and exhibited exposed necrotic bone in the extraction sites. The patient was re-examined three weeks later, with no improvement in her condition.
Three months before visiting our office, the patient had discontinued using the intravenous (IV) bisphosphonate drug, zoledronate (Zometa, Novartis Pharmaceuticals, East Hanover, N.J.), by order of her oncologist. She had been taking 4 milligrams monthly for treatment of metastatic breast cancer. The patient began the bisphosphonate therapy three months after being diagnosed with breast cancer. In addition to metastatic breast cancer, which was diagnosed two years before she came to our office, the patient had, according to her medical history, congestive heart failure (CHF), hypertension and restrictive lung disease.
The patient also disclosed that she was taking exemestane to slow estrogen production associated with the metastasis. She also was receiving treatment with lisinopril and amlodipine besylate for CHF and hypertension, as well as a fentanyl transdermal system and hydrocodone for pain associated with the metastatic breast cancer. The patient reported no history of tobacco or alcohol use. In addition, she reported that she had not disclosed her bisphosphonate use to either her general dentist or previous oral surgeon until after the extractions had been performed. The patient did not think this medication was relevant to her current dental condition or treatment.
The physical and oral examination findings were unremarkable except for a mild swelling and exposed osseous tissue in the extraction site areas of teeth nos. 20, 21 and 22 ( Figure 1 ). These extraction sites appeared to be nonhealing. On palpation by one of us (J.M.), tooth no. 23 was mobile and the patient experienced moderate pain; she also experienced mild pain along the extraction site areas of teeth nos. 20, 21 and 22. The differential diagnosis of the lesion included a fungal infection secondary to her immunocompromised status as well as osteoradionecrosis. The oral surgeon ruled out the latter because the patient reported that she had not received radiation therapy.
The oral surgeon obtained a panoramic radiograph, which revealed diffuse sclerosis of the cortical margins of the alveolar sockets along the 1670 JADA, Vol. 136 http://jada.ada.org December 2005 area of the extraction sites. He found no evidence of bone deposition or trabecular pattern within the extraction sockets despite the length of time since the extractions had been performed ( Figure 2 ). The oral surgeon explored the patient's extraction sites and débrided and excised diseased and necrotic osseous and soft tissues. He noted purulent discharge associated with tooth no. 23, which necessitated its extraction, as well as further débridement of the alveolar socket. The oral surgeon removed necrotic alveolar bone until reaching what appeared to be bleeding vital osseous tissue. He irrigated the site, undermined the flap margins to gain tension-free flap closure and closed the operative site with multiple interrupted polypropylene sutures (Prolene, ETHICON, Somerville, N.J.) ( Figure 3 ). The oral surgeon instructed the patient to use a chlorhexidine oral rinse three times a day and initiated antibiotic treatment with 500 mg of penicillin VK four times a day.
Microscopic evaluation. We submitted the excised tissues for microscopic evaluation, which revealed the presence of hard tissue composed of necrotic bone spicules with bacterial colonization and interspersed acute and chronic inflammatory cells. In addition, we noted fragments of soft tissue consisting of proliferating stratified squamous epithelium with arcading rete pegs and neutrophilic exocytosis. The subjacent fibrous connective tissue revealed the presence of patches of plasma cells, interspersed neutrophils and surgical hemorrhage. The microscopic diagnosis was infected bone sequestrum consistent with osteomyelitis.
Follow-up. The patient returned to our office two weeks later for follow-up. The oral examination revealed evidence of soft-tissue breakdown of the flap closure, with visible necrotic alveolar bone ( Figure 4A ). The oral surgeon débrided the site again until he observed viable bleeding bone; he submitted the tissue for microscopic examination. The specimen exhibited microscopic features virtually identical to those seen in the first biopsy specimen ( Figure 4B ). However, in one section, a bacterial colony exhibited features reminiscent of actinomycosis. There was, however, no unambiguous clinical or microscopic evidence of this disease.
Six weeks after the patient's initial visit to our office ( Figure 5 ), the surgical site showed only minimal improvement with regard to healing but good resolution of the previous pain and swelling. We decided that the next course of treatment was to be conservative, with continued chlorhexidine use and long-term antibiotic therapy with penicillin VK at a dosage of 1 gram every six hours until symptoms subsided. We would perform further surgical débridement only if needed to treat recurrent local symptomatic pain. We also would provide antibiotic coverage on reappearance of the osteonecrosis. The oral surgeon advised the patient to follow up with recall appointments every three weeks after the last débridement.
Because of the patient's refractory bone pain, her oncologist reinstituted the zoledronate treatment as part of her chemotherapy regimen. She experienced good relief of the systemic bone pain after reinstitution of the drug therapy. Unfortunately, shortly after her last visit to our office, the patient died of metastatic breast carcinoma.
DISCUSSION
Possible mechanisms of action. The use of bisphosphonates in the treatment of systemic bone diseases and metastatic cancers is becoming more common. 19 Although their mechanisms of action still are being elucidated, these drugs are understood to hinder the resorption of bone by inhibition of osteoclastic activity. Hughes and colleagues 20, 21 described inhibition of osteoclast development from monocytes, increased osteoclastic apoptosis (programmed cell death) and prevention of osteoclastic development from bone marrow precursors. Sato and Grasser 22 reported a reduction in osteoclastic activity through the effect of bisphosphonate on the cytoskeletal structure of the cell. Teronen and colleagues 23 presented an alternative theory of bisphosphonate activity through its effects on down-regulation of matrix metalloproteinases. Vitte and colleagues 24 observed stimulation of osteoclastic inhibitory factor synthesis by osteoblasts. Others 25 have detected an antiangiogenic effect associated with bisphosphonates, and some evidence shows that the drugs may have a direct antitumor effect by inducing apoptosis of tumor cells. 5 The table lists bisphosphonate medications currently approved for use in the United States. This class of drugs includes both IV and oral forms, but it is primarily the parenteral (IV) forms that have been associated with osteonecrosis of the jaws. However, this phenomenon has been reported to occur in patients using oral forms of the drugs on a long-term basis. 8, 26 Patients receiving treatment with these medications have been found to be at risk of experiencing delayed healing from tooth extractions and spontaneous soft-tissue breakdown leading to intraoral bone exposure. The appearance of bisphosphonate-associated osteonecrosis is identical to the appearance of osteoradionecrosis in patients who develop it after undergoing head and neck irradiation. 15 The reason for this complication is not clear, but treatment of necrotic bone in intraoral areas is problematic. This clinical quandary is similar to that seen in osteopetrosis and phosphorus poisoning (so-called "phossy jaw"), 27 two recognized entities with difficult treatment issues.
Unlike osteoradionecrosis, bisphosphonateassociated osteonecrosis is systemic rather than localized, and it does not appear to be associated with decreased vascularity. Therefore, hyperbaric oxygen therapy, which has been shown to be helpful in treating patients with osteoradionecrosis, may not be helpful in these cases. There does, however, seem to be an association with bacterial infection in most patients who have bisphosphonate-associated osteonecrosis. We also need to point out that most patients who develop this condition are immunocompromised by virtue of metastatic cancer, and they are exposed to 1672 JADA, Vol. 136 http://jada.ada.org December 2005 
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GENERIC DRUG NAME (TRADE NAME AND MANUFACTURER) Figure 5 . Surgical site six weeks after multiple débride-ments showing exposed alveolar bone with some evidence of osteonecrosis.
other medications known to be associated with osteonecrosis of the jaws (for example, chemotherapeutic agents and corticosteroids). Symptoms. Symptoms may be negligible, mild or severe. The most severe cases can cause intense pain, extensive sequestration of bone and sinus tracts that drain to the skin surface. 10, 27 Patients with advanced disease may require surgical intervention that is beyond the scope of practice of most general dentists.
It is important for dentists to be aware of possible poor surgical outcomes in patients receiving bisphosphonate treatment and to recognize poor healing responses early. They should consider referring these patients to an oral and maxillofacial surgeon for even the most routine dental extraction. Although clinicians might consider removing bisphosphonate therapy from the patient's chemotherapy regimen, the patient's oncologist and other members of the medical team may not advise doing so owing to the profound beneficial effects that these drugs have on the patient's quality of life. Furthermore, no strong evidence exists that discontinuation of bisphosphonate therapy will have any significant impact on surgical outcomes, because measurable levels of bisphosphonates may persist in bone for up to 12 years after cessation of the therapy.
28
Treatment. Patients with asymptomatic exposed bone are best treated with systemic antibiotics (such as penicillin or clindamycin), an oral antimicrobial rinse (such as chlorhexidine gluconate) and, most importantly, close followup. 15, 27 Attempts at extensive débridement and local flap closure often seem to be unsuccessful, and they may result in even larger areas of exposed and painful infected bone. Patients with draining sinuses, extensive areas of necrotic bone or large sequestrae may require more extensive surgical procedures, and their treatment course typically is protracted. In extensive cases in which purulent exudates or sinus tracts are visualized, culture and microbial sensitivity testing may be warranted. For many patients, complete healing may not occur, but alleviation of painful symptoms can help make the condition tolerable. 27 By assisting in the pretreatment phase of a patient's chemotherapy, the dentist may have the most significant impact of all members of the health care team in preventing complications associated with bisphosphonate use. Crucial to the patient's overall well-being are a thorough dental examination and control of existing oral disease, especially dental caries, periodontal lesions and periapical/periradicular disease, as well as the elimination of mucosal irritating factors such as a denture flange contacting mandibular or palatal tori. Untreated dental disease may progress rapidly during chemotherapy as the patient becomes increasingly immunocompromised and susceptible to otherwise harmless infections.
The dentist's role as part of the medical treatment team is particularly important to enhancing the quality of life for these often very ill patients. Therefore, clinicians should conduct a thorough oral examination before patients begin any parenteral bisphosphonate treatment so that they can perform any necessary invasive dental procedure or remove any mucosal irritating factors.
CONCLUSION
Bisphosphonate therapy can be a key component of a patient's chemotherapy regimen. Use of bisphosphonates is on the rise and the beneficial effects of alleviating bone pain associated with an array of disorders are clear. The dentist must educate the patient preparing to undergo any chemotherapy regimen about the possible dental side effects of bisphosphonate therapy and take the necessary preventive measures to keep potential side effects to a minimum. Dentists should consider referring these patients to a specialist for even the simplest of extractions or other surgical dental procedures so that he or she can manage the adverse effects that may arise from oral surgical treatment. When possible, these treatments should be performed at least one month before initiation of any bisphosphonate therapy.
Although no definitive treatment exists for bisphosphonate-associated osteonecrosis, clinicians can best provide symptomatic and palliative care with systemic antibiotics (such as penicillin or clindamycin) and an oral antimicrobial rinse (such as chlorhexidine gluconate), possibly for the patient's lifetime. Close follow-up every three to four months is imperative to track the progress of the disease and to be on the lookout for any side effects that may arise from bisphosphonate therapy. s
